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(57) ABSTRACT

An encoder emits modulated light from a light source section
and lets a first light and a second light separated from the
modulated light interfere with each other 1n a moving grating.
In the encoder, the light emitted from the light source section
1s electrically modulated, and the first light and the second
light have different light path lengths.
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ENCODER THAT OPTICALLY DETECTS
POSITIONAL INFORMATION OF A MOVING
BODY FROM DIFFERENT OPTICAL PATHS
LENGTHS

CROSS-REFERENCE TO RELAT
APPLICATION

gs
w

This 1s a Continuation Application of International Appli-
cation No. PCT/JP2009/005513, filed Oct. 21, 2009, which
claims priority to Japanese Patent Application No. 2008-
273166 filed on Oct. 23, 2008, the contents of which are

hereby incorporated by reference 1n their entirety.

BACKGROUND

1. Field of the mvention

The present invention mainly relates to an encoder and
more specifically, to an encoder which optically detects posi-
tional mnformation of a moving body.

2. Description of Related Art

In recent years, as a scan-type encoder, an encoder has been
proposed which detects positional information of a scale that
moves along with a moving body and has gratings periodi-
cally formed along the movement direction, by irradiating the
scale with 1rradiation light modulated on the basis of a given
modulation signal and then comparing the reflected light or
transmitted light thereof with the modulation signal (U.S. Pat.
No. 6,639,686).

Also, as the scan-type encoder, there 1s a technique of
detecting the amount of movement of a moving body on the
basis of a change in the intensity of interfering light in an
interference state by using a three-grating optical system
which separates a laser light emitted from a light source into
+first-order light beams using a first diffraction grating and
reversing the directions of the separated zfirst-order light
beams using a second diffraction grating, thereby forming an
interference fringe on a third diffraction grating moving along
with the moving body (Japanese Patent Application Publica-

tion No. 2007-333722),

SUMMARY

In these scan-type encoders, 1t 1s necessary to periodically
modulate the 1rradiation light and, for example, as a method
of physically oscillating a light beam, a method of oscillating
a light source or a method of disposing an oscillation-rotating
oscillating mirror in the optical path i1s considered.

However, 1n the case of mechanically driving the mirror,
since a driving mechanism 1s complicated, there 1s a problem
in that an increase 1n the cost of a device 1s caused, Also, in
this case, since installation space for the configuration of
oscillating the light source or the configuration of disposing
the oscillating mirror 1s required, there 1s a problem 1n that the
s1ze of the device 1s increased.

Also, as the support methods of these mechanical light
beam oscillation configurations, 1t 1s necessary to adopt a
support method such as mechanical mounting, for example,
screw lastening, adhesion, or the like. In the case of using
such a support method, there 1s a possibility that position
variation may occur due to a change 1n environment such as
temperature or humidity, thereby becoming a factor which
causes drifting of the oscillation center. If such drifting
occurs, 1n view ol a measurement principle, a detection posi-
tion has drifted, so that there 1s a possibility that a very large
error may occur as a high-resolution sensor.
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An aspect of the mvention has an object to provide an
encoder in which a physical light modulation means 1is
removed, whereby errors 1n displacement detection of a mov-

ing body can be reduced.

According to an aspect of the invention, there 1s provided
an encoder comprising: a light source section which emits
light, a wavelength of which periodically changes, in a par-
allel fashion; a first optical member which receives the light
emitted from the light source section and then emits a first
light and a second light; a second optical member which
changes a travelling direction of the first light or the second
light such that the first and second light emitted from the first
optical member overlap each other; a diffraction grating
member which 1s disposed at a position where the first light
and the second light overlap each other, 1s displaced relatively
with respect to the light source section, the first optical mem-
ber, and the second optical member, and has a diffraction
grating periodically formed along a movement direction by
the displacement; and a first light recerving section which
receives an interfering light of the first and second light,
which 1s emitted from the diffraction grating member, and
detects an interference intensity of the interfering light,
wherein an optical path length of a first optical path of the first
light from the light source section to the diffraction grating
member and an optical path length of a second optical path of
the second light from the light source to the diffraction grating
member are different from each other.

According to an aspect of the invention, by emitting modu-
lated light with, a wavelength periodically changed from the
light source section and making the optical path lengths of
two interfering modulated light beams be different from each
other, 1t 1s possible to avoid a problem 1n the configuration of
physically changing the wavelength of light. For example, a
complicated driving mechanism for mechanically driving a
mirror, as 1n the method of disposing an oscillation-rotating
oscillating mirror in the optical path, 1s not required, so that a
reduction 1n the cost of the device can be realized. Addition-
ally, installation space for disposing the oscillating mirror 1s
not required, so that a reduction 1n the size of the device can
be realized. Further, since the configuration of mechanically
oscillating a light beam 1s not required, 1t 1s possible to reduce
generation of an error at the time of detection of the move-
ment amount, which has been a problem 1n the past, due to
generation of drifting of the oscillation center caused by a
change 1n environment such as temperature or humidity, 1n a
case where mechanical mounting 1s used.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view illustrating a first embodiment.

FIG. 2 1s a schematic perspective view illustrating a second
embodiment.

FIG. 3 1s a schematic view 1llustrating the second embodi-
ment.

FIG. 4 1s a schematic view illustrating a third embodiment.

FIG. 5 1s a schematic view 1llustrating a fourth embodi-
ment.

FIG. 6 1s a schematic view illustrating a fifth embodiment.

FIG. 7 1s a schematic view illustrating a sixth embodiment.

FIG. 8 1s a schematic view 1illustrating a seventh embodi-
ment.

DESCRIPTION OF EMBODIMENTS

First Embodiment
Hereinafter, one embodiment of the invention will be
described with reference to the drawings. FIG. 1 1s a sche-
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matic view illustrating the configuration of an encoder 1
related to one embodiment of the invention. In this embodi-
ment, the encoder 1 1s an encoder of a so-called diffraction
interference system and 1s an optical encoder which detects
the movement direction, the movement amount, or the dis-
placement of a moving body (a moving grating) which moves
in a given direction (the X-axis direction).

As shown 1in FIG. 1, in this embodiment, the encoder 1
includes a light source section 11, an index grating 12, a pair
of mirrors 13a and 135, a light recerving element 135, a glass
block 16, and a moving grating 14 which 1s provided to be
able to be displaced relatively with respect to these constitu-
ent members.

The light source section 11 includes a modulation section
11a, a light source 115, and a collimator lens 11c.

The modulation section (modulating device) 11a periodi-
cally changes the wavelength of light which 1s emitted from
the light source 115, by changing, for example, an electric
current which 1s supplied to the light source 1156. The modu-
lation section 11a can change, for example, the wavelength,
A=850 nm, of the light which 1s emitted from the light source
116 by an amount corresponding to AA=+5 nm. That is, the
modulation section 11a can change the wavelength of the
light which 1s emitted from the light source 115, in the range
of A=845 nm to 8535 nm.

The light source 115 1s, for example, a laser element which
emits a laser light, and emits coherent light modulated by the
modulation section 11a 1n the —Y-axis direction.

The collimator lens 11c¢ recerves the light emitted from the
light source 115 and then converts the light into parallel light.

The index grating (a first optical member) 12 receives the
light emitted from the light source section 11 and then emaits
a first light .1 and a second light .2 from different positions.
For example, the index grating 12 1s a diffraction grating, 1n
which grating-shaped patterns are formed at a predetermined
pitch, and 1s a transmission-type diffraction grating having,
diffraction patterns periodically formed along the X-axis
direction. The index grating 12 receives the parallel light
penetrating the collimator lens 11¢ and then emaits a plurality
of diffracted light.

Among the diffracted light diffracted by the index grating
12, the light which directly enters from the collimator lens
11¢ mto the index grating 12 and 1s then emitted from the
index grating 12 1s set to be the first light L1 and the light
which penetrates the glass block 16 and 1s then emitted from
the index grating 12 1s set to be the second light 2. Here, the
first light .1 1s a —{irst-order diffracted light diffracted from
the index grating 12 in the —X-axis direction side at a prede-
termined diffraction angle, and the second light .2 1s a +1irst-
order diffracted light difiracted from the index grating 12 1n
the +X-axis direction side at a predetermined diffraction
angle.

The mirrors 13a and 135 are optical members (a second
optical member) which change the travelling directions of the
first light .1 and the second light L.2 such that the first and
second light beams L1 and L.2 emitted from the index grating
12 overlap each other in the moving grating 14. As shown 1n
the drawing, the mirrors 13a and 135 are disposed between
the index grating 12 and the moving grating 14 and disposed
such that the respective reflection surfaces face each other 1n
a direction (the Y-Z-axis direction) perpendicular to the plane
directions (the incidence plane directions or the X-Z-axis
direction) of the index grating 12 and the moving grating 14.
The mirror 13a retlects the first light L1 emitted from the
index grating 12 toward the moving grating 14 and the mirror
13 b retlects the second light .2 toward the moving grating 14.
Alternatively, the encoder 1 can also use a transmission-type
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diffraction grating which changes the travelling directions of
the first light L1 and the second light L.2 such that the first and
second light beams L1 and L.2 emitted from the index grating
12 overlap each other in the moving grating 14, 1n place of at
least one of the mirrors 13a and 134.

The moving grating 14 1s disposed at a position when the
first light .1 and the second light 1.2 overlap each other and 1s
a diffraction grating provided at the moving body which 1s
displaced relatively with respect to the light source section 11,
the index grating 12, the mirrors 13q and 135, the light recerv-
ing element 15, and the glass block 16. The moving grating 14
1s a diffraction grating having diffraction patterns periodi-
cally formed along the movement direction (the X-axis direc-
tion) by the displacement. The first and second light beams .1
and L2 entering into the moving grating 14 partially overlap
and interfere with each other.

The moving grating 14 1s, for example, a transmission-type
diffraction grating and diffracts interfering light based on the
first light L1 and the second light 1.2 and then emits the
interfering light in the same direction (the —Y-axis direction)
that 1s, toward the light receiving element 15.

In this manner, the index grating 12, the mirrors 13a and
135, and the moving grating 14 are disposed 1n a positional
relationship in which the first and second light beams L1 and
[.2 entering into the moving grating 14 interfere with each
other. Also, the index grating 12, the mirrors 13a and 135, and
the moving grating 14 have a positional relationship in which
the optical path lengths of the first light .1 and the second
light L2 after they are emitted from the index grating 12 and
until they enter into the moving grating 14 are equal to each
other.

The light receiving element 15 receives the interfering light

emitted from the moving grating 14 and outputs a photoelec-
tric conversion signal which represents the interference inten-
sity of the interfering light. The photoelectric conversion
signal converted in the light recerving element 13 1s output to
a device (not shown) that detects the movement amount of the
moving grating 14. In addition, the moving grating 14 1s not
limited to the transmission-type diffraction grating, but may
be, for example, a reflection-type diffraction grating, and in
this case, the light receiving element 15 1s disposed at a
position where 1t can receive reflected light.
The glass block 16 1s disposed 1n either one of the optical
path of the first light .1 or the optical path of the second light
[.2 between the light source section 11 and the index grating
12 and transmits a portion of the parallel light from the col-
limator lens 11c¢. The glass block 16 has a predetermined
refractive mndex N1 and a predetermined thickness D in the
travelling direction (the Y-axis direction) of the parallel light
which 1s emitted from the collimator lens 11c.

In this embodiment, the glass block 16 1s disposed 1n the
optical path of the second light L.2. In this way, the optical
path length of the second light .2 which penetrates the glass
block 16 becomes long compared to the optical path length of
the first light .1 which penetrates the air, 1n accordance with
the magnmitudes of the refractive index N1 and the thickness D
thereof. That 1s, the optical path length of a second optical
path of the second light .2 from the light source lib to the
moving grating 14 becomes long compared to the optical path
length of a first optical path of the first light .1 from the light
source 115 to the moving grating 14. Here, the optical path
length 1s an optical distance which 1s obtained by multiplying
the spatial distance (a path) by the refractive index. In this
embodiment, the optical distance from the light source sec-
tion 11 to the moving grating 14 1s substantially different
between the first light L1 and the second light L.2. In this

embodiment, a medium 1n the optical path of the first light .1
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from the light source section 11 to the moving grating 14 1s
partially different from that in the second light L.2.

In thi1s manner, the first and second light beams .1 and L2
based on the modulated light emitted from the light source
116 have a predetermmed phase diflerence in a state of inter-
fering at the moving grating 14, whereby the encoder 1 can
obtain an interference fringe, which periodically changes 1n
the movement direction (the X-axis direction), on the moving,
grating 14. In addition, the periodic change of the interference
fringe 1s based on a periodic change 1n the wavelength modu-
lated by the modulation section 11a, and the photoelectric
conversion signal which 1s obtained by the light receiving
clement 15 1s expressed by the movement information of the
moving grating 14 modulated with a modulated signal of a
wavelength by the modulation section 11a. Therefore, the
photoelectric conversion signal which 1s obtained by the light
receiving element 15 1s based on both the movement 1nfor-
mation of the moving grating 14 and a periodic change of the
modulated light which 1s emitted from the light source 115,
and on the basis of the photoelectric conversion signal, the
movement information of the moving grating 14 can be
obtained by using the known modulation information of the
modulation section 11a.

Next, one example of an interfering light detection method
by the encoder 1 will be described.

The modulated light in which the wavelength of light 1s
modulated by the modulation section 11a 1s emitted 1n the
—Y-axis direction from the light source 1156. The modulated
light emitted from the light source 115 penetrates the colli-
mator lens 11c¢, thereby being converted into parallel light. A
portion of the parallel light converted by the collimator lens
11c¢ directly enters into the index grating 12 and 1s diffracted
into the first light L1 by the index grating 12. The first light .1
1s detlected to the —X-axis direction side and emitted from the
index grating 12.

On the other hand, another portion of the parallel light
emitted from the collimator lens 11c¢ penetrates the glass
block 16 and then enters into the index grating 12. The light
penetrating the index grating 12 through the glass block 16 1s
diffracted into the second light L2 by the index grating 12.
The second light 1.2 1s deflected to the +X-axis direction side
and emitted from the index grating 12. In addition, the first
light L1 and the second light .2 are emitted from different
positions of the index grating 12.

The first light L1 emitted from the index grating 12 1s
reflected by the mirror 13a to be deflected to the +X-axis
direction side, and then enters 1nto the moving grating 14. On
the other hand, the second light .2 emitted from the mndex
grating 12 is reflected by the mirror 135 to be detlected to the
—X-axis direction side, and then enters into the moving grat-
ing 14.

The first and second light beams .1 and L2 entering into
the moving grating 14 partially overlap each other on the
diffraction pattern of the moving grating 14 and an interfer-
ence Iringe which periodically changes i1s formed on the
moving grating 14.

The first and second light beams L1 and L2 entering into
the moving grating 14 are diffracted together in the —Y-axis
direction by the moving grating 14. The interfering light
based on the first and second light beams L1 and .2 emitted
from the moving grating 14 enters mto the light receiving
clement 15 and 1s converted 1nto a photoelectric conversion
signal, which represents the interference intensity of the inter-
fering light.

In a case where the moving grating 14 has moved, the
interference state of the first and second light beams .1 and
[.2 entered into the moving grating 14 changes, so that the
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light quantity of the light which enters into the light receiving
clement 15 changes sinusoidally. In a given movement
amount detection device, the number of times of a change of
the recerving light quantity of the light recerving element 15,
which changes sinusoidally, 1s counted and the movement
direction, the movement amount, or the displacement of the
moving grating 14 1s detected. A movement amount detection
method by such a movement amount detection device 1s the
same as the principle of a general encoder and can use, for
example, the signal processing method of PTL 1 described
above as the background art.

In the above-described configuration, the interfering light
emitted from the moving grating 14 contains the displace-
ment information of the moving grating 14 according to the
diffraction pattern of the moving grating 14, 1n addition to the
pertodic change information of the interference iringe
according to a phase difference. Accordingly, the interference
intensity of the interfering light, which 1s obtained by the light
receiving element 15, changes 1n accordance with (1) a phase
difference between the first and second light beams .1 and .2
based on the modulation imparted by the modulation section
11a and an optical path difference between the first light L1
and the second light .2, and (2) the movement direction, the
movement amount, or the displacement of the moving grating
14.

That 1s, (1) by adjusting the phase difference between the
fast light L1 and the second light L2, (2) 1t 1s possible to
increase the precision of the detected movement information
of the moving grating 14. In addition, as a phase difference
which 1s set 1in order to increase the precision of the movement
information which 1s detected here, a structure, resolution, or
the like of the device 1s considered.

Here, as for the phase difference between the first light L1
and the second light L2, 1n a case where the wavelength of
light has been modulated from A, to A, by the modulation
section 11qa, 1f Ak 1s setto be equal to 2:5(1/?\. -1/A,), the phase
difference 1s expressed by an expression, phase
difference=AL-Ak. Also, the optical path difference between
the first light .1 and the second light L2 1s generated by a
difference 1n refractive index between the glass block 16 and
a surrounding area due to disposition of the glass block 16
having different refractive index from that of the surrounding
area on either optical path, and when the refractive index of
the surrounding area 1s set to be nl, the actual distance (path
length) of the light penetrating the inside of the glass block 16
1s equal to the thickness D and the optical path difference 1s
expressed by an expression, AL=(D-N1)—(D-nl).

Also, 1n the encoder 1, even in a case where the wavelength
variable range of the modulated light that 1s emitted from the
light source section 11 1s small, 11 the optical path difference
AL 1s made suificiently large compared to the wavelength
variable range, it 1s possible to impart a change according to
a periodic change of the modulated light that 1s emaitted from
the light source section 11, to the interference iringe that 1s
formed on the moving grating 14. For example, 1n a case
where a surface-emitting laser diode 1s used as the light
source 115, 11 the central wavelength of the modulated light
that 1s emitted from the light source section 11 1s set to be 850
nm and a driving electric current that 1s supplied to the sur-
face-emitting laser diode 1s changed 1n the range of 2+0.5
mA, the wavelength of the light that 1s emitted from the light
source section 11 changes 1n the range (wavelength variable
range) of 850x1 nm. At this time, in a case where the glass
block 16, 1n which the optical path difference AL 1s made to be
1 mm, has been used, since the optical path difference AL 1s
suificiently large compared to the wavelength variable range,
the interference fringe that 1s formed on the moving grating
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14 periodically changes, so that the light receiving element 15
can obtain a photoelectric conversion signal with modulation
of the relationship of phase difference==1.353x2x imparted
thereto.

Accordingly, in the encoder 1, by emitting the modulated
light with a wavelength periodically changed from the light
source section 11 and making the optical path lengths of two
111terfer111g modulated light beams be different from each
other, it 1s possible to avoid a problem 1n a configuration 1n
which modulation 1s physically imparted to light. For
example, a complicated driving mechanism for mechamically
driving a mirror, as in the method of disposing an oscillation-
rotating oscillating mirror in the optical path, 1s not required,
so that a reduction 1n the cost of the device can be realized.
Also, an installation space for disposing the oscillating mirror
1s not required, so that a reduction 1n the size of the device can
be realized. Further, since the configuration of mechanically
oscillating a light beam 1s not required, 1t 1s possible to reduce
the generation of errors at the time of detection of amovement
amount, which has been a problem 1n the past, due to the
generation of drifting of the oscillation center caused by a
change 1n environment such as temperature or humidity, 1n a
case where mechanical mounting 1s used.

In addition, 1n a case where the wavelength of the modu-
lated light that 1s emitted from the light source 115 1s modu-
lated to be AA=A+s1n wt, 1t Ak 1s set to be equal to A, sin ot,
the phase difference, AL-Ak, becomes equal to AL-A,, sin wt.
Accordingly, the interference intensity of the interfering light
which 1s obtained by the light receiving element 15 1s
expressed by an expression, |EI°=A+2 cos(4nX/P+AL-A_ sin
wt). Here, “X” represents the relative position of the moving
grating 14 to the index grating 12, “P” represents the pitch of
the diffraction patterns of the moving grating 14, and “A”
represents the offset amount of the interference intensity
amplitude. The interference intensity of the interfering light
can be used 1n the signal processing of the encoder 1, for
example, the signal processing of PTL 1 described above as
background art.

Also, as for the modulation method of the modulated light
that 1s emitted from the light source 115, as a modulation
method by a change of an electric current by the above-
mentioned modulation section 11a, for example, various vari-
able wavelength lasers which are used for a purpose such as
optical communication can be used, Also, the modulation
method of the modulated light that 1s emitted from the light
source 115 1s not limited to the modulation method based on
a change of an electric current and, for example, a device can
be used which periodically changes a wavelength by chang-
ing the temperature of a laser element that 1s used as the light
source 115b.

Further, in the encoder 1, the light source section 11, the
index grating 12, the pair of mirrors 13a and 135, the light
receiving element 15, and the glass block 16 are an integrated
constituent member 1 which they are fixed 1n a predeter-
mined positional relationship, and are installed 1n a state
where the integrated constituent member can move relatively
with respect to the moving grating 14. That 1s, the encoder 1
may have a configuration 1in which the integrated constituent
member 1s fixed and the forming moving grating 14 1s mov-
ably provided, or may have a configuration in which the
moving grating 14 1s fixed and the integrated constituent
member 15 movably provided.

Also, 1t 1s acceptable 1f the glass block 16 1s a medium
which transmits light and has a given refractive mndex N1
different from that of the surrounding area, and the glass
block 16 1s not limited to a configuration in which 1t 1s made
of glass.

10

15

20

25

30

35

40

45

50

55

60

65

8

Second Embodiment

Next, an encoder related to another embodiment of the
invention will be described with reference to FIGS. 2 and 3.
FIG. 2 1s a schematic perspective view of an encoder 2 related
to a second embodiment and FIG. 3 1s a schematic view of the
encoder 2 related to the second embodiment. In addition, with
regard to a constituent member having the same function and
configuration as that in the first embodiment, a detailed
description thereof 1s omitted and the same reference numer-
als are used.

As shown 1n FIG. 2, the encoder 2 includes a light source
section 20, the index grating 12, the pair of mirrors 13a and
135, the moving grating 14, and the light receiving element
15.

The light source section 20 includes the modulation section
11a, the light source 115, and the collimator lens 11¢, simi-
larly to the light source section 11, and emits coherent modu-
lated light modulated by the modulation section 11a, 1n a
parallel fashion. The light source section 20 1s installed at a
position where the modulated light that 1s emitted from the
light source section 20 enters 1nto the index grating 12 1n a
direction obliquely intersecting with the plane direction (the
incidence plane direction or the X-Z plane direction) of the
index grating 12. The light source section 20 of the encoder 2
related to this embodiment 1s 1installed at a position where the
modulated light emitted from the light source section 20
enters 1nto the index grating 12 obliquely from the —X-axis
side, as shown 1n FIG. 3.

The index grating 12 emits the first and second light beams
[.1 and L2 based on the light recerved from the light source
section 20, from different positions, similarly to the first
embodiment.

By this configuration, the optical path length of the second
light .2 from the light source section 20 to the index grating
12 becomes longer than the optical path length of the first
light .1 from the light source section 20 to the index grating
12 by AL.

Accordingly, similarly to the above-described embodi-
ment, the encoder 2 can change the mterference intensity of
the interfering light that 1s obtained by the light receiving
clement 135, i accordance with (1) a phase difference based
on modulation imparted by the modulation section 11a and
the optical path difference between the first light L1 and the
second light 1.2, and (2) the movement direction, the move-
ment amount, or the displacement of the moving grating 14.

Third Embodiment

Next, another embodiment of the invention will be
described with reference to FI1G. 4. FIG. 4 1s a schematic view
of an encoder 3 related to a third embodiment. In addition,
with regard to a constituent member having the same function
and configuration as that in the first embodiment, a detailed
description 1s omitted and the same reference numerals are
used.

As shown 1n FIG. 4, the encoder 3 includes a light source
section 30, the index grating 12, a pair of mirrors 31a and 315,
the moving grating 14, and the light recerving element 15.

The light source section 30 includes the modulation section
11a and the light source 115 and emits coherent modulated
light modulated by the modulation section 11a.

The mirrors 31a and 315 are disposed between the index
grating 12 and the moving grating 14 and the mirror 31a 1s
disposed 1n a direction (the Y-Z plane direction) in which a
reflection surface 1s perpendicular to the plane directions (the
incidence plane directions or the X-Z7 plane direction) of the
index gratmg 12 and the moving grating 14. On the other
hand, the mirror 315 1s positioned 1n a direction 1n which a
reflection surface obliquely intersects with the plane direc-
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tions (the icidence plane directions or the X-Z plane direc-
tion) of the index grating 12 and the moving grating 14. The
mirror 315 has a reflection surface which is inclined by an
angle 0 1n the —X-axis direction from a plane direction per-
pendicular to the plane direction (the incidence plane direc- >
tion) of a mirror 31'5 shown by a dashed line, that 1s, the plane
directions (the incidence plane directions) of the index grat-
ing 12 and the moving grating 14, as shown 1n FIG. 4, for
example.

In addition, a state where the mirror 31a and the mirror 31'5
shown by a dashed line are disposed means a state where the
above-described mirrors 13a and 135 are disposed, and the

optical path lengths of the first light L1 and the second light
[.2 from the index grating 12 to the moving grating 14 are the
same. Hereinatter, a positional relationship (refer to FIG. 1)
between the mndex grating 12, the mirrors 13q and 135, and
the moving grating 14 disposed such that the optical path
lengths from the index grating 12 to the moving grating 14
become equal to each other 1n this manner 1s referred to as a 20
first optical positional relationship. Also, a positional rela-
tionship between the index grating 12, the mirrors 31a and
31b, and the moving grating 14 disposed such that the optical
path lengths of the first and second light beams L1 and L2
from the index grating 12 to the moving grating 14 are dif- 25
ferent from each other, as shown 1n FIG. 4, 1s referred to as a
second optical positional relationship.

In this manner, the mirror 315 on one side 1s installed at a
position where a reflection surface retlecting the second light
[.2 1s inclined further in the —X-axis direction than a position 30
(the mirror 31'b shown by a dashed line) in the case of assum-
ing that the mirror 315 1s 1n the first optical position relation-
ship. By this configuration, the optical path length of the first
light .1, until after the first light L1 1s emitted from the index
grating 12, 1s reflected by the mirror 31a, and enters 1nto the 35
moving grating 14 becomes long compared to the optical path
length of the second light L2 until after the second light 1.2 1s
emitted from the index grating 12, 1s reflected by the mirror
31b, and enters into the moving grating 14.

Accordingly, similarly to the above-described embodi- 40
ments, the encoder 3 can change the interference intensity of
the 1nterfer111g light that 1s obtained by the hght receiving,
clement 135, in accordance with (1) a phase ditference based
on modulation imparted by the modulation section 11a and
the optical path difference between the first light L1 and the 45
second light 1.2, and (2) the movement direction, the move-
ment amount, or the displacement of the moving grating 14.

Fourth Embodiment

Next, another embodiment of the invention will be
described with reference to FI1G. 5. FIG. 5 1s a schematic view 50
of an encoder 4 related to a fourth embodiment. In addition,
with regard to a constituent member having the same function
and configuration as that in the first embodiment, a detailed
description thereot 1s omitted and the same reference numer-
als are used. 55

As shown 1n FIG. 5, the encoder 4 includes the light source
section 11, the index grating 12, the pair of mirrors 13a and
135, the moving grating 14, the light receiving element 15,
and a glass block 40.

The glass block 40 1s disposed 1n the optical path of the 6o
second light L2, for example, and between the index grating
12 and the moving grating 14 and fixed i1n contact with the
reflection surface of the mirror 135, for example. The glass
block 40 has a predetermined refractive index N2 and the
actual distance (path length) Lm of the light penetrating the 65
inside of the glass block 40. In addition, the path length L m 1n
the glass block 40 1s the actual distance until the light which
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has entered into the glass block 40 1s reflected by the mirror
1356 and emitted from the glass block 40.

Accordingly, the optical path length of the light penetrating
the glass block 40 becomes long compared to the light pen-
ctrating the surrounding area (for example, the air). In addi-
tion, 11 the refractive index of the surrounding area is set to be

L ] [y

nl, the optical path difference AL has the relationship of
optical path difference AL=(Lm-N2)-(LM-nl).

That 1s, similarly to the above-described embodiments, the
encoder 4 can change the interference 1ntensity of the inter-
tering light that 1s obtained by the light receiving element 15,
in accordance with (1) a phase difference based on modula-
tion imparted by the modulation section 11a and the optical
path difference between the first light 1.1 and the second light
[.2, and (2) the movement direction, the movement amount,
or the displacement of the moving grating 14.

It 1s acceptable 1f the glass block 40 1s disposed 1n eirther
one of the optical path of the first light L1 or the optical path
of the second light L2, and 1t1s acceptable 1f the glass block 40
1s a medium which transmits light and has a predetermined
refractive mdex N2 different from that of the surrounding
area, and the glass block 40 1s not limited to a configuration 1n
which it 1s made of glass.

In addition, 1n FIG. 5, the encoder having a configuration in
which the first light .1 and the second light .2 are emitted
from different positions of the index grating 12 1s illustrated.
However, this embodiment 1s not limited thereto and an
encoder having a configuration 1n which light that 1s entering
into the index grating 12 1s separated into the first light L1 and
the second light 1.2 1s also acceptable.

Fifth Embodiment

Next, another embodiment of the invention will be
described with reference to FIG. 6. FIG. 6 1s a schematic view
of an encoder 5 related to a fifth embodiment. In addition,
with regard to a constituent member having the same function
and configuration as that in the first embodiment, a detailed
description thereof 1s omitted and the same reference numer-
als are used.

As shown 1n FIG. 6, the encoder 5 includes a light source
section 50, the index grating 12, the pair of mirrors 13a and
135, the moving grating 14, the light receiving element 15,
and a fixed diffraction grating 51.

The light source section 50 includes the modulation section

11a, the light source 115, and the collimator lens 11¢, simi-
larly to the light source section 11, and emits coherent modu-
lated light modulated by the modulation section 11a, 1n a
parallel fashion. The light source section 30 1s disposed at a
position to emit light that enters vertically to the light recerv-
ing surface of the fixed diffraction gratmg 51.
The fixed diffraction grating 51 1s disposed in the optical
path between the light source section 50 and the index grating
12 and changes the travelling direction of the light emitted
from the light source section 50 and also emits the first light
L1 and the second light .2 from different positions. In the
fixed diffraction grating 51, predetermined diffraction pat-
terns which difiract a plurality of incident parallel light beams
in the same direction are formed.

The fixed diffraction grating 51 has a light recerving sur-
face at a position facing the light source section 50 and an
emitting surface at a position facing the index grating 12. The
light recerving surface of the fixed diffraction grating 51 is
disposed at a position perpendicular to the parallel light emat-
ted from the light source section 50 and the emitting surface
1s disposed at a position obliquely intersecting with the plane
direction (incidence plane direction) of the index grating 12.
That 1s, the fixed diffraction grating 51 1s disposed in such a
manner that a side which emats the first light L1 1s close to the
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index grating 12 compared to a side which emits the second
light .2 such that the optical path length of the second light
[.2 between the fixed diffraction grating 51 and the index
grating 12 becomes long compared to the optical path length
of the first light LL1. In other words, the index grating 12 and
the fixed diffraction grating 51 are disposed to face each other
in a non-parallel fashion. In addition, 1t can also be said that
the encoder 5 includes an mdex grating which includes two
gratings 12 and 51.

The index grating 12 receives the first light L1 and the
second light L2, which are emitted 1n a parallel fashion from
the fixed diffraction grating 51, at different positions and
emits the first light L1 and the second light 1.2 from different
positions, as described above.

By this configuration, the optical path length of the first
light L1, until after the first light L1 1s emitted from the fixed
diffraction grating 51 and enters into the moving grating 14
through the index grating 12 and the mirror 13a, becomes
short compared to the optical path length of the second light
[.2 until after the second light .2 1s emitted from the fixed
diffraction grating 51 and enters into the moving grating 14
through the index grating 12 and the mirror 1354.

That 1s similarly to the above-described embodiments, the
encoder 5 can change the interference 1ntensity of the inter-
tering light that 1s obtained by the light receiving element 15,
in accordance with (1) a phase difference based on modula-
tion imparted by the modulation section 11a and the optical
path difference between the first light .1 and the second light
[.2, and (2) the movement direction, the movement amount,
or the displacement of the moving grating 14.

Sixth Embodiment

Next, another embodiment of the invention will be
described with reference to FIG. 7. FIG. 7 1s a schematic view
of an encoder 6 related to a sixth embodiment. In addition, in
this embodiment, the encoder 6 can be applied to the encoders
related to all of the above-described embodiments, and here,
a description 1s performed using an example where 1t 1s
applied to the encoder 2 related to the second embodiment.
Theretfore, with regard to a constituent member having the
same function and configuration as that 1n the encoder 2, a
detailed description thereof 1s omitted and the same reference
numerals are used.

As shown 1n FIG. 7, the encoder 6 includes the light source
section 20, the index grating 12, the pair of mirrors 13a and
135, the moving grating 14, the light recerving element 135, a
half mirror 60, a compensation grating 61, and a light rece1v-
ing clement 62.

The half mirror 60 1s fixed to a side, to which the light
source section 20 1s fixed, on the optical path between the
mirrors 13a and 136 and the moving grating 14 and at a
position obliquely intersecting with the plane direction of the
moving grating 14. The half mirror (a branching section) 60
separates each of the first light L1 and the second light L2 by
reflecting or transmitting the received first and second light
beams L1 and L2. The first light .1 and the second light 1.2
are respectively branched through the half mirror 60 between
the index grating 12 and the moving grating 14. The first and
second light beams L1 and L2 penetrating the half mirror 60
enter into the moving grating 14 so as to overlap each other, as
described above, On the other hand, the half mirror 60 emaits
a thard light L3 and a fourth light L4, each of which is the
reflected light of each of the first light L1 and the second light
[.2, toward the compensation grating 61 so as to overlap each
other.

The compensation grating (complementary grating) 61 1s a
diffraction grating which 1s fixed at a position where the third
and fourth light beams L3 and L4 emitted by the half mirror
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60 overlap each other and i1n which the same diffraction
pattern as the diffraction pattern of the moving grating 14 1s
periodically formed along the Y-axis direction. The compen-
sation grating 61 1s fixed at a position where the respective
optical path lengths from the half mirror 60 to the moving
grating 14 of the first and second light beams .1 and .2 which
enter into the moving grating 14 respectively become equal to
the respective optical path lengths from the half mirror 60 to
the compensation grating 61 of the third and fourth light
beams .3 and .4 which enter into the compensation grating
61.

The light receiving element (complementary light recerv-
ing section) 62 receives interfering light emitted from the
compensation grating 61 and outputs a photoelectric conver-
s10on signal representing the interference intensity of the inter-
tering light. The photoelectric conversion signal output by the
light recerving element 62 can be used 1n a given compensa-
tion device (not shown) as a compensation signal for the
photoelectric conversion signal output in the light recerving
clement 15. The compensation device can calculate, for
example, a diflerence between positional information
obtained by the signal processing of the above-described PTL
1 on the photoelectric conversion signal output by the light
receiving element 15 and a compensation signal which 1s
obtained by performing the same processing on the photo-
electric conversion output by the light receiving element 62,
and thereby detect the vaniation of the central wavelength of
modulation, the displacement 1n the Z-axis direction of the
moving grating 14, or the like.

By this configuration, the optical path length of the first
light L1, until after the first light L1 1s emitted from the light
source section 20 and enters into the half mirror 60, becomes
short compared to the optical path length of the second light
L2 until after the second light L2 1s emitted from the light
source section 20 and enters 1nto the half mirror 60. For this
reason, the third and fourth light beams .3 and .4 which enter
into the compensation grating 61 are modulated and have a
phase difference 1n a state of mterfering with the compensa-
tion grating 61. Accordingly, a periodically moving interier-
ence fringe which 1s the same as an interference fringe that 1s
formed on the moving grating 14 1s formed on the compen-
sation grating 61.

That 1s the light receiving element 62 can detect-movement
of the interference fringe that 1s formed on the moving grating
14, through the compensation grating 61. Accordingly, by
performing a given signal processing by the compensation
device or the like with use of the compensation signal, 1t can
be of help to improve-measurement stability of the displace-
ment 1 a given movement direction (the X-axis direction) of
the moving grating 14.

Seventh Embodiment

In the invention, as described previously, the wavelength of
the light that 1s emitted from the light source 1s periodically
modulated. In a case where an electric current that 1s supplied
to the light source 1s modulated to periodically modulate the
wavelength of the light that 1s emitted from the light source,
modulation of the amount of light 1s also involved 1n addition
to the modulation of the wavelength. Since the degree of
modulating the wavelength 1s small, the modulation of the
amount of light 1s small. However, the need to remove the
modulation of the amount of light can also be considered.
Hereimnatter, an embodiment for it will be described with
reference to FIG. 8. However, this can be applied to the
encoders related to all of the above-described embodiments.
In addition, an encoder 7 of this embodiment 1s described
using an example where it 1s applied to the encoder 1 related
to the first embodiment. Therefore, with regard to a constitu-
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ent member having the same function and configuration as
that 1n the encoder 1, a detailed description thereot 1s omitted
and the same reference numerals are used.

As shown 1n FIG. 8, the encoder 7 includes the light source
section 11, the index grating 12, the pair of mirrors 13a and
135, the light receving element 135, the glass block 16, the
moving grating 14 which 1s provided to be able to be dis-
placed relatively with respect to these constituent members, a
light quantity correction section 63, and a GCA (Gain Control
Amplifier) 64. A light quantity compensation system 15 con-
figured to include the light quantity correction section 63 and
the GCA 64.

The light source 115 1s provided with a light quantity
sensor that detects the light quantity of the emitting light and
outputs an electric signal according to the light quantity
detected by the light quantity sensor to the light quantity
correction section 63. Here, the light quantity of the light that
1s emitted from the light source 115 changes in accordance
with the electric current that 1s supplied from the modulation
section 11a. For example, the interference intensity of the
interfering light that 1s obtained by the light recerving element
15 has the relationship of IEI*=(1+F sin wt)-{ A+2 cos(4mX/
P+AL-A, sin wt)}, and compared to the case of emitting the
modulated light from the light source 115 by changing the
clectric current, an 1ntensity modulation term, (1+F sin mt),
according to a change of the electric current that 1s supplied
from the modulation section 11a 1s generated. This intensity
modulation terra destabilizes the output voltage level of the
photoelectric conversion signal that 1s output from the light
receiving element 15.

The light quantity correction section 63 i1s connected to
cach of the light source 115 and the GCA 64 and controls the
level of the output voltage of the photoelectric conversion
signal that 1s output from the light receiving element 15, on
the basis of an electric signal output from the light quantity
sensor of the light source 115. That 1s, the light quantity
correction section 63 outputs a control signal, 1n which the
intensity modulation term becomes “17°, to the GCA 64 so as
to decrease the influence of the intensity modulation term,
(1+F sin wt), according to a change of the electric current that
1s supplied from the modulation section 11a.

The GCA 64 1s connected to the lightreceiving element 15,
adjusts the level of the output voltage of the photoelectric
conversion signal received from the light recerving element
15, on the basis of the control signal from the light quantity
correction section 63, and outputs a signal in which a varia-
tion due to a change 1n light quantity 1s corrected.

In addition, the encoder 7 related to this embodiment is not
limited to the above-described configuration and, {for
example, not only a configuration 1n which the light source
115 holds the light quantity sensor, but also a configuration 1s
acceptable 1n which a given light quantity sensor that receives
the light which 1s emitted from the light source section 11 1s
installed at an arbitrary position and the light quantity correc-
tion section 63 controls the GCA 64 on the basis of an electric
signal according to the light quantity detected by the light
quantity sensor provided at the arbitrary position. By using
such a light quantity sensor, 1t 1s possible to remove the
variation due to the above-mentioned change 1n the control of
the GCA 64 1n a case where a change of the electric current
that s supplied by the modulation section 11a and a change in
light quantity of the light that 1s emitted from the light source
1156 do not completely correspond to each other.

Also, 1n a case where the variation due to the above-men-
tioned change 1s not considered, the light quantity sensor 1s
not required and the light quantity correction section 63 may
have a configuration 1n which the light quantity correction
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section 63 recerves a signal representing a change of the
clectric current that 1s supplied from the modulation section
11a and controls the GCA 64 on the basis of the signal
representing a change of the electric current.

Also, by such a configuration, 1t 1s possible to avoid a
situation where the output voltage level of the photoelectric
conversion signal that 1s output from the light receiving ele-
ment 15 becomes unstable.

In addition, the encoder according to the invention may be
either a three-grating encoder or a two-grating encoder. As the
two-grating encoder, for example, there 1s an encoder having
a configuration including an index grating that receives the
modulated light emitted from a light source section 1n a par-
allel fashion and emuts the first light .1 and the second light
[.2, and a moving grating that 1s disposed at a position where
the first light L1 and the second light 1.2 overlap each other
and 1s displaced relatively with respect to the light source
section and the index grating. The two-grating encoder hav-
ing such a configuration can obtain an interference fringe 1n
the moving grating by using different orders of diffracted
light as the first and second light beams .1 and 1.2 which are
separated by the index grating. For example, as the first light
L1 and the second light 1.2, a first-order difiracted light and a
second-order diffracted light, or a zero-order diffracted light
and the first-order diffracted light can be respectively used.

In one embodiment, an encoder can be provided that
includes a light source section which includes a modulation
device and emits light, the wavelength of which periodically
changes; an index grating, into which the light from the light
source section enters and from which a first difiracted light
and a second diffracted light are emitted; a moving grating,
into which the first diffracted light and the second difiracted
light enter and which can be displaced relatively with respect
to the mdex grating; and a light recerving section which
detects interfering light of the first and second difiracted light,
which 1s emitted from the moving grating, wherein the optical
distance from the light source section to the moving grating 1s
substantially different between the first diffracted light and
the second diffracted light.

In the above-described embodiment, the encoder can fur-
ther include a transmissive member which 1s disposed
between the light source section and the index grating, has a
predetermined refractive index, and transmits a portion of the
light from the light source section. In this case, one of the first
diffracted light and the second diffracted light passes through
the transmissive member and the other does not pass through
the transmissive member.

In the above-described embodiment, the encoder can fur-
ther include an optical member which 1s disposed between the
index grating and the light receiving section and 1n which one
of the first diffracted light and the second difiracted light
passes therethrough, whereby a difference in the optical dis-
tance 1s generated.

In this case, for example, the optical member 1s a mirror
into which one of the first diffracted light and the second
diffracted light enters at a predetermined angle. Also, for
example, the optical member 1s a transmissive member which
has a predetermined refractive index and 1n which one of the
first diffracted light and the second diffracted light passes
therethrough.

In the above described embodiment, the light from the light
source section may obliquely enter into the index grating.

In the above-described embodiment, the index grating can
include at least two gratings which are disposed such that they
face each other 1n a non-parallel fashion.

In the above-described embodiment, the encoder can
include, between the index grating and the moving grating, a
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branching section in which the first diffracted light and the
second diffracted light pass therethrough, thereby being
branched, a complementary grating into which the branched
first and second diffracted light enter and which 1s substan-
tially fixed with respect to the index grating, and a comple-
mentary light recerving section which detects interfering light
of the first and second diffracted light from the complemen-
tary grating.

In the above-described embodiment, the encoder can be
provided with a light quantity compensation system which
compensates a change in light quantity accompanying a
change 1n wavelength of the light.

What 1s claimed 1s:

1. An encoder comprising;:

a light source section which emits a light, a wavelength of
which periodically changes, 1n a parallel fashion;

a first optical member which receives the light emitted
from the light source section and then emits a first light
and a second light, the first optical member emitting the
first light and the second light from different positions;

a second optical member which changes a travelling direc-
tion of the first light or the second light such that the first
and second lights emitted from the first optical member
overlap each other;

a diffraction grating member which 1s disposed at a posi-
tion where the first light and the second light overlap
cach other, 1s displaced relatively with respect to the
light source section, the first optical member, and the
second optical member, and has a diffraction grating
periodically formed along a movement direction by the
displacement;

a first light recerving section which receives an interfering
light of the first and second lights, which 1s emitted from
the diffraction grating member, and detects an interfer-
ence intensity of the interfering light,

wherein an optical path length of a first optical path of the
first light from the light source section to the diffraction
grating member and an optical path length of a second
optical path of the second light from the light source
section to the diffraction grating member are different
from each other, and

the encoder further comprising a transmissive member
which 1s disposed between the light source section and
the first optical member 1n either the first optical path or
the second optical path and has a predetermined refrac-
tive index.

2. The encoder according to claim 1, further comprising:

a third optical member which 1s disposed 1n an optical path
between the light source section and the first optical
member, changes the travelling direction of the light
emitted from the light source section, and emaits the first
light and the second light from different positions.

3. The encoder accordmg to claim 1, wherein

the light which 1s emitted from the light source section
enters 1to the first optical member along a direction
obliquely intersecting with an incidence plane direction
of the first optical member.

4. The encoder according to claim 1, wherein the second

optical member includes:

a first reflection member which has a retlection surface
located 1n a direction perpendicular to an incidence
plane direction of the first optical member and retlects
the first light, thereby changing a travelling direction
thereot; and

a second retlection member which has a reflection surface
located 1n a direction obliquely intersecting with the
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incidence plane direction of the first optical member and
reflects the second light, thereby changing a travelling
direction thereof.

5. The encoder according to claim 1, wherein

the second optical member includes a first reflection mem-
ber and a second reflection member which respectively
have retlection surfaces located 1n a direction perpen-
dicular to an incidence plane direction of the first optical
member and respectively reflect the first light and the
second light, thereby changing the travelling directions
thereotf, and

the second optical member further includes a transmissive
member which 1s disposed 1n either the first optical path
or the second optical path and between the first optical
member and the diffraction grating member and has a
predetermined refractive index.

6. The encoder according to claim 1, further comprising:

a compensation grating which has the same diffraction
grating as that of the diffraction grating member, main-
tains a certain positional relationship with respect to the
light source section, the first optical member, and the
second optical member and 1s displaced relatively with
respect to the diffraction grating member;

a fourth optical member which 1s disposed 1n the optical
path between the second optical member and the diffrac-
tion grating member, separates each of the first and
second lights recerved from the second optical member,
emits one of the lights based on the separated first and
second lights to the diffraction grating member so as to
overlap each other, and emaits the other light based on the
separated first and second lights to the compensation
grating so as to overlap each other; and

a second light receiving section which receives interfering
light based on the first light and the second light from the
compensation grating and detects the interference inten-
sity of the interfering light.

7. The encoder according to claim 1, further comprising;

a compensation grating in which a third light separated
from the first light and a fourth light separated from the
second light enter thereto between the first optical mem-

ber and the diffraction grating member; and
a second light recerving section which detects interfering,

light based on the third light and the fourth light.

8. The encoder according to claim 1, wherein a change 1n

light quantity accompanying a change in wavelength of the
light 1s compensated.

9. An encoder comprising:

a light source section which includes a modulating device
and emits a light, a wavelength of which periodically
changes;

an index grating, 1nto which the light from the light source
section enters and from which a first diffracted light and
a second diffracted light are emitted, the index grating,
emitting the first difiracted light and the second dii-
fracted light from different positions;

a transmissive member which 1s disposed between the light
source section and the index grating in either a first
optical path or a second optical path and has a predeter-
mined refractive index;

a moving grating, into which the first diffracted light and
the second difiracted light enter and which can be dis-
placed relatively with respect to the index grating; and

a light beam receiving section which detects interfering
light of the first and second diffracted lights, that is
emitted from the moving grating, wherein
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an optical distance from the light source section to the
moving grating 1s substantially different between the
first diffracted light and the second diffracted light.

10. An encoder comprising:

a light source section which emits a light, a wavelength of 4

which periodically changes;
an optical member that 1s configured to separate the light
emitted from the light source section into a first light and

a second light;
a moving member that 1s arranged to relatively move with

respect to the light source section, the moving member
having a diffraction grating into which the first light and
the second light enter and from which a first interfering
light of the first light and the second light 1s emitted: and
a first light recerving section which receives the first inter-
fering light, wherein
the first light has a first optical path length and the second
light has a second optical path length different from the
first optical path length such that there 1s an optical path
length difference between the first light and the second
light, and
a phase difference between the first light and the second
light 1s determined by the optical path length difference
between the first light and the second light and the
changes of the wavelength.
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11. The encoder according to claim 10, further comprising;:

a second light receiving section which recetves a second
interfering light that 1s based on a third light separated
from the first light and a fourth light separated from the
second light.

12. The encoder according to claim 11, further comprising;:

a second optical member which separates the third light
from the first light and separates the fourth light from the
second light.

13. The encoder according to claim 11, further comprising;:

a compensation grating into which the third light and the
fourth light enters, wherein

the second light receiving section outputs a compensation
signal, which 1s based on the second interfering light, to
a compensation device.

14. The encoder according to claim 10, further comprising:

a light quantity compensation system which compensates
light quantity of the light based on the first interfering
light.

15. The encoder according to claim 10, wherein the light

source section comprises a modulation section which peri-
odically changes the wavelength of light.
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